BONDING APPARATUS 



BACKGROUND OF THE INVENTION 

1, Field of the Invention 

[0001] 

The present invention relates to an improvement of a 
bonding apparatus for bonding a chip onto 'a substrate 
(including a lead frame and a TAB tape) . The present invention 
has been' developed chiefly for the main purpose of chip 
recognition means in a flip chip bonding apparatus for use 
in performing positioning of a chip and a substrate. 

The present application is based on Japanese Patent 
Application No . 2000-397163, which is incorporated herein by 
reference. 

2. Description of the Related Art 

[0002] 

A bonding tool is hitherto designed so that it is moved 
up after it sucks a chip which is on a chip tray or a wafer, 
moved relatively and horizontally to be positioned above a 
substrate, and moved down to bond the chip onto the substrate . 
As for the image recognition of the chip for performing 
positioning of the chip and the substrate, the chip is stopped 
at a raised level at which the chip is moved relatively and 
horizontally, and the chip is recognized by a chip recognition 



camera from a position below the chip in order to shorten the 
tact time. 

[0003] 

Aball screw, a guide, or the like, which is a constituent 
member of a head up-and-down mechanism for moving up and down 
the bonding tool, may have a slight tilt in its lifting axis 
(shown by the dotted line in Fig. 3A) due to thermal expansion 
or the like as the time passes, as shown in Fig. 3A. 
[0004] 

• On the other hand, the bonding tool is moved up and down 
along the tilted lifting axis. Thus, strictly speaking, the 
bonding tool cannot be moved up and down vertically. As a 
result, even if the chip is moved down toward the substrate 
from a position a little higher than the level of the chip 
bonding surface of the substrate which is recognized by the 
chip recognition camera, the chip will be bonded to a slightly 
deviated position practically as shown in Fig. 3B. 
[0005] 

The larger the distance between the upper surface of 
the substrate and the level at which the chip is recognized 
by the chip recognition camera is, the larger the width of 
this deviation becomes. Such a very small deviation does not 
matter if a bonding bump size and an allowable deviation width 
are large as described in the background art. However, when 




the bonding bump is made small so that the allowable deviation 
width requires accuracy such as 1 Mm or 0.5 ^m, such a very 
small deviation will not be negligible. 
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5 SUMMARY OF THE INVENTION 

[0006] 

To solve the foregoing problem, an object of the present 
invention is to provide a bonding apparatus in which 
recognition of a chip for performing positioning of. the chip 
M 10 and a substrate is carried out in a position in which the chip 

£ 

bonding surface of the substrate is substantially in one and 
the same plane as the lower surface of the chip, and the 
positioning of the chip and the substrate is carried out in 
accordance with a recognition image at a level where the chip 
15 is to be bonded to the substrate. Thus, there is no influence 
of deterioration with the elapse of time (for example, thermal 
deformation) , so that the chip can be positioned on the 
substrate with high precision. 
[0007] 

20 To attain the foregoing object, the present invention 

adopts the following apparatus. 

A bonding apparatus is constituted by a bonding tool 
for holding a chip, a substrate stage for mounting a substrate 
thereon, a moving mechanism for moving the bonding tool and 
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the substrate stage relatively to each other in a horizontal 
plane, an up-and-down mechanism for moving up and down the 
bonding tool, and a chip recognition camera for recognizing 
the chip held by the bonding tool, from a position below the 
chip . 

[0008] 

The bonding apparatus is configured so that the chip 
and the substrate are subjected to positioning on the basis 
of a recognition result of the chip recognition camera, and 
the bonding tool is moved down to bond the chip onto the 
substrate. 

The chip recognition camera is disposed to be lower than 
a level of a substrate mounted surface of the substrate stage. 

A lower surface of the chip is recognized by the chip 
recognition camera in a condition that the lower surface of 
the chip is located substantially on a level with a chip bonding 
surface of the substrate. 

The positioning of the chip and the substrate is performed 
by the recognition image. 

Features and advantages of the invention will be evident 
from the following detailed description of the preferred 
embodiments described in conjunction with the attached 
drawings . 



BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings: 

Fig. 1 is a schematic view of a bonding apparatus to 
which the present invention is applied; 

Figs. 2A and 2B are explanatory views showing the 
relationshipbetween abonding tool anda substrate recognition 
camera, Fig. 2A shows the state in which the lower surface 
of a chip is recognized by the chip recognition camera, and 
Fig. 2B shows the state in which the chip is bonded onto a 
substrate; and 

Figs. 3A and 3B are explanatory views showing the 
principle on which positional deviation is produced, Fig. 3A 
shows the state in which the lower surface of the chip is 
recognized by the chip recognition camera, and Fig. 3B shows 
the state in which deviation is produced. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0009] 

Description will be made below about a mode for carrying 
out the present invention together with an embodiment 
illustrated in the drawings. Fig. 1 is a schematic view of 
a bonding apparatus to which the present invention is applied. 
The bonding apparatus shown in Fig. 1 is a flip chip bonding 
apparatus . 



[0010] 

The flip chip bonding apparatus has a bonding tool 2 
for holding a chip 1, and a substrate stage 4 for mounting 
a substrate 3 thereon. The chip 1 and the substrate 3 adopted 
in this embodiment are about 0.3 to 0.5 m thick respectively. 
Incidentally, a lead frame, a TAB tape, and so on, are included 
in the substrate 3. 

[0011] 

The bonding tool 2 is attached to a lower end portion 
of a bonding head 5 as shown in Fig. 1. Incidentally, a 
not-shown chip suction hole is provided in the bonding tool 
2 so that the chip is sucked onto the bonding tool 2 through 
a connection port by a vacuum apparatus. 

[0012] 

The bonding tool 2 is made to move up and down freely 
together with the bonding head 5 by a Z-axis drive motor 6 
and an up-and-down mechanism 7. Though not shown in detail 
in the drawing, the head up-and-down mechanism 7 is constituted 
by aball screw, aguide, andsoon, for transmitting the rotation 
of the Z-axis drive motor 6. The bonding head 5 is supported 
on a support member 8 so that the bonding head 5 can be moved 
freely up and down. Incidentally, a substrate recognition 
camera 14 is installed, while facing downward, on the support 
member 8 . 



[0013] 

The bonding head 5 in this embodiment is not provided 
with a horizontal (front/back direction and left/right 
direction in the drawings) drive mechanism. Not to say, if 
the substrate stage 4 is not provided with any moving mechanism 
such as an XY table 10, the bonding head 5 is required to have 
a horizontal drive mechanism. Incidentally, the reference 

numeral 9 in Fig. 1 represents a 6 -axis drive motor for giving 
a rotary motion to the bonding tool 2 . 
[0014] 

In this embodiment, the XY table 10 is provided as a 
movingmechanism for moving the bonding tool 2 and the substrate 
stage 4 relatively to each other in a horizontal plane. The 
XY table 10 is moved horizontally in one and the same plane 
by not-shown X-axis and Y-axis drive motors. The substrate 
stage 4 is installed on the XY table 10. 

[0015] 

Together with the substrate stage 4 and a chip tray 12 
with another chip 1 received therein, a chip recognition camera 
11 for recognizing the chip 1 held by the bonding tool 2 from 
a position below the chip is supported on the XY table 10. 
Setting is made so that the position where the chip recognition 
camera 11 is focused comes to a position which is substantially 
on a level with the chip bonding surface (upper surface in 



Fig. 1) of the substrate 3. 
[0016] 

The work procedure of the bonding apparatus in this 
embodiment will be described next. 

First, the XY table 10 is moved so that the chip tray 
12 receiving the chip 1 is located under the bonding tool 2 . 
Here, the Z-axis drive motor 6 is operated to move the bonding 
tool 2 down. The chip 1 is sucked on the bonding tool 2, and 
moved up. . . 

[0017] 

Second, the XY table 10 is moved so that the chip 
recognition camera 11 is located under the bonding tool 2. 
After that, as shown in Fig. 2A, the bonding tool 2 is moved 
down till_the lower surface of the chip 1 sucked on the bonding 
tool 2 reaches a level at which the chip recognition camera 
11 is focused. That is, the bonding tool 2 is moved down so 
that the lower surface of the chip 1 and the chip bonding surface 
of the substrate 3 are located substantially in one and the 
same plane. 

[0018] 

In this position, an image of the chip 1 sucked on the 
bonding tool 2 is recognized by the chip recognition camera 
11 . After the position of the chip 1 is confirmed, the bonding 
tool 2 is moved up. 
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[0019] 

Third, the XY table 10 is moved so that the substrate 
3 is located under the substrate recognition camera 14. An 
image of the substrate 3 is recognized in the position where 
the substrate 3 and the chip 1 are to be bonded. Thus, the 
bonding position is recognized. As a result, the chip bonding 
surface of the substrate 3 and the lower surface of the chip 

I are recognized substantially at one and the same level. 

[0020] 

Fourth, the quantity of movement with which the XY table 
10 should be moved to perform the positioning of the chip 1 
and the substrate 3 fitly to each other is obtained on the 
basis of the recognition results of the chip recognition camera 

II and the substrate recognition camera 14 . Then, the XY table 
10 is moved to perform the positioning of the chip 1 and the 
substrate 3 . At this time, the 0 -axis drive motor 9 is operated 
to rotate the bonding tool 2 in accordance with necessity. 

[0021] 

Fifth, the bonding tool 2 is moved down to bond the chip 
1 onto the substrate 3, and the bonding tool 2 is moved up. 
At this time, even if there arises a deviation in the lifting 
axis of the bonding tool 2, the substrate 3 and the chip 1 
can be bonded accurately without deviation because the 
positioning of the substrate 3 and the chip 1 is performed 





on the basis of image recognition in the position where the 
substrate 3 and the chip 1 should be bonded to each other. 



Incidentally, though it also depends oh the structure 
of the head up-and-down mechanism 7 and the material of a guide 
and so on provided in the head up-and-down mechanism 7, the 
deviation will be not larger than 1 jam if an error between 
the level of the lower surface of the chip 1 and the level 
of the chip bonding surface of the substrate 3 at the time 
of the image recognition is within ±5 mm. 



In addition, if the chip tray 12 is located to be lower 
than the level at which the chip recognition camera 11 is focused, 
that is, if the chip tray 12 is in a position lower than the 
level of the chipbonding surface of the substrate 3, the bonding 
tool 2 may be moved up to the level at which the chip recognition 
camera 11 is focused (the level of the chip bonding surface 
of the substrate 3) after the chip bonding tool 2 has sucked 
the chip 1 from the chip tray 12/ In this case, the operation 
for moving the bonding tool 2 down in the above-mentioned second 
step can be omitted. 



The present invention exhibits the following effect due 
to its configuration as described above. 



[0022] 



[0023] 



[0024] 
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According to the present invention, a chip recognition 
camera is disposed to be lower than the level of a substrate 
mounted surface of a substrate stage while the lower surface 
of a chip is positioned to be almost on a level with the chip 
bonding surface of a substrate. In this state, the lower 
surface of the chip is recognized by a chip recognition camera, 
and the positioning of the chip and the substrate is performed. 
Thus, it is possible to provide a bonding apparatus in which 
the influence of deterioration with the passage of time (for 
example, thermal deformation) can be eliminated so that 
positioning can be carried out with high precision. 

Although the invention has been described in its 
preferred form with a certain degree of particularity, it is 
understood that the present disclosure of the preferred form 
can be changed in the details of construction and in the 
combination and arrangement of parts without departing from 
the spirit and the scope of the invention as hereinafter 
claimed. 



